
subsequently been stu^|^, showing that forward pumping is more effective in reducing 
FWM impairments wnen tire output SNR is fixed. 


In the Claims 


Please replace the pending claims with the following: 


1. 


(Cancelled) 


accordance with a gain level; and 
4 dB; and 


2. (Amended) In an optical conimunication system, apparatus for amplifying an optical 
signal, said apparatus comprising: 
a fiber; and 

an optical pirnip energy sourcjfe disposed to inject optical pump energy into said fiber in a 
co-propagating direction relative to A tfansjnission direction of an optical signal in said fiber to 
cause Raman amplification of said/signaj' 
wherein said gain level is , 

wherein either 1) for a selected sj^al to noise ratio, there is a greater four-wave mixing 
product suppression level than woulobe achieved using only a counter-propagating optical pump 
energy source to obtain said gam level or 2) for a selected four-wave mixing product suppression 
level, there is a higher signal/ to noise ratio than would be achieved using only said counter- 
propagating energy source to obtain said gain level. 


(Cancelled). 





4. (Amended) In an optical ;6ommunication system, apparatus for amplifying an optical 
signal, said apparatus comprising: 

a first optical pump ener^ s6iA"ce disposed to inject optical pump energy into a fiber in a 
co-propagating direction relatiyet/^ansmission direction of said optical signal to cause Raman 
amplification of said signal iiyaccorda^e with a first gain level; 

a second optical pump-dl^gy source disposed to inject optical pump energy into said 
fiber in a counter-propagating /flirection relative to said transmission direction of said optical 
signal to cause Raman airiplification of said signal in accordance with a second gain level, said 
optical signal experiencijig a total gain level including said first gain level and said second gain 
level; and 

wherein said fi/st gain level is greater than 4 dB wherein either 1) for a selected signal to 
noise ratio, there is a greater four-wave mixing product suppression level than would be achieved 
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using only said second optical pump energy Source to obtain said total gain level or 2) for a 
selected four-wave mixing product suppression level, there is a higher signal to noise ratio than 
-would be achieved using only said seconcy optical pump energy soxirce to obtain said total gain 
level. 

5. (Amended) The apparatus of (^ainii^wherein said first gain level is set responsive to a 
minimum tolerable four-wave mixing p^ojiex suppression level and a desired signal to noise 
ratio. 


6. The apparatus of claim 5 wherejn^aid first gain level is also set responsive to a maximum 
tolerable saturation level. 

7. The apparatus of claim 5 wherein said second gain level is set responsive to said first gain 
level and said total gaijylevel. 


8. (Cancelled). 


9. (Amended) The apparatus of claim 4 wherein a power level of said first optical pump 
energy source is set responsive to said first gain level. 


10. (Amended) The apparatus of^lain/^ wherein a power level of said second optical pimip 
energy source is set responsive to sard second gain level. 

11. (Amended) The apparatus^of claim4 further comprising said fiber. 


12. (Amended) The apparatus of /claim 4 further comprising: 
an Erbium-doped fiber amplifier in cascade with said fiber. 


13. (Cancelled).. 


14. (Cancelled). 


5. (Amended) pfm optical communication system, apparatus for amplifying an optical 
5mprising: 


signal, said apparatu 
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a first optical pump energy source disposjgfa to inject optical pump energy into a fiber in a 
co-propagating direction relative to a transmission direction of said optical signal to cause Raman 
amplification of said signal; and 

a second optical pump energy soured^ disposed to inject optical pump energy into said 
fiber in a counter-propagating direction relative to said transmission direction of said optical 
signal to cause Raman amplification of slid signal; and 

wherein said first gain level is greater than 4 dB; and 

wherein either 1) for a selects signal to noise ratio at an output of said fiber, there is a 
greater four-wave mixing product suppression level achieved than would be achieved using only 
said second optical pump energyysource-io achieve said desired gain level or 2) for a selected 
four-wave mixing product level at an oujput of said fiber, there is a higher signal to noise ratio 
than would be achieved using/onljf-^gmd^ second optical pump energy source to achieve said 
desired gain level. 

16. (Amended) The appai-atus of claim 14 further comprising said fiber. 



17. The apparatus of claim 16 flulh^f comprising an Erbium-doped fiber amplifier in cascade 

with said fiber. / 


18. (Cancelled). 


19. (Amended) In an optical communication system, a method for amplifying an optical 



signal within a fiber by exjfloiting 
comprising: 

inj ecting co-propafeatinj 
amplification according to a fir 

injecting counter-prop 
ampUfication according to a si 



an effects to achieve a desired gain level, said method 


:al pump energy into said fiber to cause Raman 
level; 

optical pump energy into said fiber to cause Raman 
gain level; and 
wherein said first fcain level is greater than 4 dB; and 
wherein either iVfor a selected signal to noise ratio at an output of said fiber, there is a 
greater four-wave mixing product suppression level than would be achieved injecting only said 
counter-propagating optical pump energy to obtain said desired gain level or 2) for a selected 
four-wave mixing product level, there is a higher signal to noise ratio than would be achieved 
using injecting only said counter-propagating optical energy to obtain said desired gain level. 
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20. (Amended) The method of ilaim 19 wherein injecting co-propagating optical pump 
energy comprises injecting co-propagating optical energy at a power level set responsive to a 
minimum tolerable four-wave mix^g^roduct suppression level and a desired signal to noise 
ratio. 


21. The method of claim 20 ^erein said power level is also set responsive to a maximum 
tolerable saturation level. 

22. The method of claim 20 further comprising: 
further amplifying said signal within an Erbium-doped fiber amplifier. 


23. (Cancelled) 


24. (Amended) In an optical commimicatibn system, apparatus for amplifying an optical 
signal within a fiber by exploiting Raman 9ffects to achieve a desired gain level, said method 
comprising: 

means for injecting co-propagating optical pump energy into said fiber to cause Raman 
amplification; 

ting optical pump energy into said fiber to cause 
^nd gain level; and 
lan 4 dB; and 

dsignd to noise ratio at an output of said fiber, there is a 
greater four- wave mixing product yfedppression level than would be achieved injecting only said 
counter-propagating optical pmnff energy to obtain said desired gain level or 2) for a selected 
four-wave mixing product level,/there is a higher signal to noise ratio than would be achieved 
injecting only counter-propagating optical energy to obtain said desired gain level. 


means for injecting coimter-prj 
Raman amplification according to a si 
^-"^ wherein said first gain level i 

wherein either 1) for a solo 


25. (Amended) The apparatus of claim 24 wherein said means for injecting co-propagating 
optical pump energy comprises means for injecting co-propagating optical energy at a power 
level set responsive to a mimimum tolerable four-wave mixing product suppression level and a 
desired signal to noise ratio^ 

26. (Amended) The apparatus of claim 24 wherein said power level is also set responsive to 
a maximimi tolerable saturation level. 


27. (Amended) The apparatus of claim 24 further comprising: 
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